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© Vehicle braking system. 



© A vehicle braking system of the electronically compensated type wherein driver demand signals to inner 
closed loop pressure systems for the front and rear brakes are adjusted in accordance with load signals obtained 
from toad sensors associated with front and rear axles of the vehicle respectively, these load signals themselves 
being modified to take account of the weight transfer effect from the rear axle to the front axle during braking. 
Weight transfer is calculated from the expression: 
Weight transfer = Vehicle Decteration x 

Gross Vehicle Weight x Height of centre of gravity 

Wheel base 

the deceleration, gross vehicle weight height of the centre of gravity of the vehicle and the vehicle wheel 
base being calculated and stored and manipulated electronically to provide o>namic load apportioning 
! between the various inner closed loop pressure systems controlling the front and rear brakes, respectively. 
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VEHICLE BRAKING SYSTEM. 

The present invention relates to vehicle braking systems of the electronically compensated type 
wherein, instead of the conventional hydraulic or pneumatic control system operating between the foot 
pedal and the brake actuators, the analysis of data concerning braking parameters, brake demand, vehicle 
loading, brake efficiency and the Eke is performed electronically and the brake actuators are controlled 
s electronically in accordance with such analysis. 

in such systems, the main sources of braking p aramete r change are measured and the pressure 
demands to inner dosed loop pressure systems are adjusted by outer open loops to compensate for said 
parameter changes. One of the basic parameters which is measured in such systems is the vehide loading 
(axle loads) and it is with fte method of determining the vehide loading that the present invention is 
to concerned. 

fan ac co r d an ce with the present invention, driver demand signals to the inner closed loop pressure 
systems for the front and rear brakes are adjusted in accordance with load signals obtained from load 
sensors associated with front and rear axtes of the vehicle respectively, these toad signals themselves being 
modified to take account of the weight transfer effect from the rear axle to the front axle during braking. 
is Weight transfer is calculated from the expression: 
Weight transfer — Dederation x 

Gross Vehicle Weight: x Height of Centre of Gravity 

Wheel base 

20 

the deceleration, gross vehicle weight height of the centre of gravity of me vehicle and the vehide wheel 
base being calculated and stored and manipulated electronically to provide dynamic load apportioning 
between the various inner dosed loop pressure systems controlling the front and. rear brakes, respectively. 
Advantageously, the axle bad measurements are made deliberately to have a long time constant so as 
25 to be assured of a good average load figure which has been established during the recent normal (non- 
braking) operation of the vehicle/ 

The invention is descr ib ed further hereinafter, by way of example only, with reference to the accom- 
panying drawings; in which: 

Rg* 1 is a block diagram of a basic electronic control system for operating vehide brakes; 
30 Fig. 2 illustrates how braking compensation Is achieved; and 

Rg. 3 illustrates one way of achieving dynamic load apportioning in accordance with the present 
invention. 

The main sources of braking system disturbance in practice are vehicle load and operating gradient, 
both of which can change suddenly, and brake deterioration which is much more gradual The sudden 
35 changes require co mp ensation by corresponding sudden corrections whilst slow changes can be countered 
by a gradual adaptation over a time period which can extend into days or weeks depending on vehide 
usage. 

In a co mp ensated braking system, a foot pedal transducer generates a first signal indicating the braking 
level desired by the driver and adcfitional sensors measure the vehicle axle loads and the operating 

40 gracBent The system makes appropriate open loop corrections to the brake pressure demands being 
interpreted from the driver pedal input with the aim of restoring the vehicle deceleration to a level which is 
in proportion to the driver's demand. 

In Figure 1 there is shown a pressure control loop taking an input Pi from a brake pedal transducer 10 
which is used to provide a pressure error signal Pe by comparison of the input Pi with a pressure 

45 transducer output signal Po. this pressure error Pe forming the input to a pressure controller 12 which 
generates an output signal which causes the pressure developed by an electro-pneumatic or electro- 
hydraufic converter to change in a direction such as to reduce the amplitude of the pressure error Pe. 

The nature and circuit of such a pressure controller 12 depends upon the type of converter employed. 
Two such converter principles am well known, namely an analogue system in which a valve is employed 

50 with pressure output developed porportional to solenoid current and a digital system (as shown) in which a 
pair of simpler solenoid valves 16,18 is employed to raise or lower a control chamber pressure by selective 
energisation. One form of pneumatic converter employs a relay valve 20 which responds to this control 
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chamber pressure and which re-balances Into the dosed condition when the brake pressures m front and 
rear brake actuators 22,24 become equal to this control pressure. Such a valve has an advantage in that the 
control chamber pressure responds rapidly to valve opening, giving a fast control loop which is accurate 
and responsive. 

5 The compensated system of Rg.1 comprises a number of closed loop controllers (only one shown in 
Rg.1) which are separate for each axle or for each wheel and which are supplied with pressure demands by 
a braking correction sub-system 26 such that front and rear systems may receive different pressure 
demands for equal braking inputs. 

One principal disturbance to braking is caused by gradient and this can be sensed by a comparison 

io between deceleration as sensed by a vehicle decelerometer and similar figures generated from speeds 
sensed by sensors 23 at the vehicle wheels and differentiated electronically after being combined to form a 
vehicle reference signal in a manner which is well known in anti-lock systems. The gradient figure 
generated is a deceleration error DE with a sign which indicates uphill or downhill and which can be added 
directly to braking demand in the sub-system 26 to achieve appropriate correction of the demand signal Pi. 

is Another basic parameter which disturbs the braking performance is the vehicle loading and it is known 
to take axle toad readings, generated by suitable transducers on the vehicle, and to use these as correction 
inputs to the sub-system 26 for modifying the brake demand signals Pi. This is achieved by the use of a 
(preferably digital) multiplier which forms a suitably scaled product of pedal input demand and axle toad 
measurement to form the actual pressure demand input Pi which is compared with Po to form the error Pe. 

20 It is with the method determining the vehicle (axle) loading that the present invention is concerned. 

It is well known that during braking a weight transfer effect is experienced between the front and rear 
axles. Thus, when the vehicle is braking in forward motion, the effective axle load on the front axle 
increases and that on the rear axle decreases. The toad apportioning to the brakes must therefore take into 
account the weight transfer effect experienced during braking. 

25 In a known system, a single load sensor on one axle provides signals indicative of the vehicle axle toad. 
The instantaneous toad prevailing at the instant that a braking operation is initiated is stored. The stored 
reading is then subsequently compared with dynamic toad changes established by the load sensor under 
actual braking and the difference used to establish the degree of toad apportioning between the front and 
rear axles. In this system, in order to allow for variations resulting from suspension movements, it is 

30 necessary for the toad readings to be averaged over several time-spaced readings. Thus, a rapidly 
changing response is not possible. Furthermore, toad reacfings taken during braking are inherently of very 
doubtful quality since, under afl but possibly the Bghtest braking, the braking forces applied are transmitted 
through axle and suspension components in which the axle toad is being sensed. 

In the present system, in order to overcome this problem, a mean load measurement is stored as soon 

35 as braking is commenced as in the known system but load measurements are not used at all during 
. braking- Instead, In the present system, the effect of weight transfer is calculated continuously using 
parameters measured or stored outside of a braking operation and utilising the following expression, namely 

Weight transfer (W) » D x GVW x h 

40 £ 

where D = Vehicle deceleration 
GVW = Gross vehicle weight 

h ~ Height of the centre of gravity above the ground surface 

45 L = Vehicle wheel base between its front and rear axles. 

The Gross Vehicle Weight is taken from the combined axle load measurements which, as explained 
" below, are stored, the deceleration D of the vehicle is measured during the stopping phase and the height h 
of the centre of gravity and wheel base L are pre-stored quantities. 

The axle toad measurements are taken with load transducers (42a, 42b) situated on each axle to be 

50 controlled, or by pressure transducers sensing the suspension pressure in air-suspended vehicles, and the 
signals are fed to the braking correction sub-system 26 via an open loop. However, the axle load 
measurements are made deliberately to have a long time constant (for example, approximately 4 seconds), 
so as to be assured of a good average load figure which has been established during the recent normal 
(non-braking) operation of the vehicle. The reason for establishing the load value during a non-braking 

65 period is due to the disturbance of the toad transducers which occurs during a braking period, which is 
caused by brake reaction stresses in the axles and deflection of the suspension components. Thus it is 
necessary to utilise stored values which are acquired at a recent earlier time for obtaining the appropriate 
braking correction. 
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Figure 3 shows in further detail one method by which the individual axle load values are processed to 
give a modified load signal according to the weight transfer effect the corrected axle load then being used 
by the apportioning multiplier to act on the driver demand (Figure 1) to give an apportioned axle demand. 
Front and rear axle loads are provided by respective sensors 42a, 42b which are designed so as to have a 

5 long time constant (e.g. about 4 seconds). Upon detection by a braking detector 44 that a braking operation 
has been initiated, the actual axle load sensor signals are disabled by gates 46a, 46b and the prevailing 
load signals stored in respective stores 48a, 48b. Thus, the previous mean load measurement occurring 
over the previous 4 seconds or so is stored as soon as braking is commenced, the actual load signals 
occurring during braking not being used at an during braking. Signals corresponding to the fixed "parameters 

70 h and L are divided in a cBvider 30 and the quotient is multiplied in a first multiplier 32 by a signal 
corresponding to the GVW (the combined axle toads) and then in a second multiplier 34 is multiplied by a 
signal D corresponding to the deceleration, as provided by a vehicle deceferometer 36. The resulting weight 
transfer quantity W is then added to and subtracted from the signals corresponding to the front and rear 
axle load signals respectively, to provide corrected axle loads. It is these latter signals that are then used to 

is modify the braking demand signal Pi, as shown diagrammatical^ in Rg^, which illustrates the method of 
compensation by which the braking correction is effected in the open correction loop of Figure 1 by means . 
of an apportioning multiplier 50, to give a corrected pressure demand which is fed to the dosed pressure 
control loop. 

In some circumstances, it may be found that the height of the centre of gravity, h, will vary in 
20 accordance with the load, in which case the value for h win be computed from a base value representing 
the unladen value for h plus a component which is proportional to the vehicle total load value. This value for 
h can be assessed for accuracy as follows, rf during a braking operation skidding occurs, then both the front 
and rear axle skid points should occur at the same time for a correctly balanced braking system. However, 
if skidding occurs only on the front axle, then too much weight transfer allowance has taken place and the 
25 value for h can be decremented as an adaptive feature. Conversely, if only rear axle skidding occurs, then 
insufficient weight transfer allowance has been made and the value of h would be accordingly incremented. 

In the system described above where the weight transfer calculation controls the brake apportioning, 
delays in apportioning can take place because of limitations in the deceleration signal response. This can 
be countered by producing a transient correction of the deceleration signal D which is derived from the 
30 driver braking demand Pi. This is made into a transient signal by the use of a filter 40 (Hg3) to form a 
"Fast Driver Demand minus Filtered Driver Demand" signal T, where the filter has a similar time constant to 
the deceleration measurmenet The transient correction T is then added to the measured deceleration from 
the vehicle deceferometer 38 to produce the effective deceleration D, to give immediate weight transfer 
figures and rapid apportioning response as the braking becomes effective. 

ss 

Claims 

1. A vehicle braking system of the electronically compensated type wherein driver demand signals to 
40 inner closed loop pressure systems for the front and rear brakes are adjusted in accordance with load 

signals obtained from load sensors (42a, 42b) associated with front and rear axles of the vehicle, 
respectively, these toad signals themselves being modified to take account of the weight transfer effect from 
the rear axle to the front axle which occurs during braking, characterised in that the magnitude of the weight 
transfer during a braking operation is calculated electronically from an expression involving the actual 
45 deceleration of the vehicle occurring during braking and the gross vehicle weight as determined by stored 
load signals measured over a period prior to the braking operation taking place. 

2. A vehicle braking system as claimed in claim 1, wherein the axle load measurements are made to 
have a long time constant so as to obtain an average load figure which has been established during the 
recent normal (non-braking) operation of the vehicle. 

so 3. A vehicle braking system as claimed in claim 1 or 2, wherein said expression for the calculation of 
the weight transfer is : 
Weight transfer = Vehicle Decleration x 

Gross Vehicle Weight x Height of centre of gravity 
55 Wheel base *' ~ ~ ~ 

the deceleration, gross vehicle weight, height of the centre of gravity of the vehicle and the vehicle wheel 
base being calculated and stored and manipulated electronically to provide dynamic load apportioning 
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between the various^inrw closed loop pressure systems controlling the front and rearbrakes, respectively.*,;. 

4. A vehicle braking system as claimed in claim 1, 2 or 3, wherein a transient correction for the 
deceleration signal, produced by a decelerometer, is derived from the driver's demand signal by subtracting 
from the driver's demand signal a filtered version of the latter signal obtained using a filter of time constant 
similar to that of the deceleration measurement 

5. A vehicle braking system as. claimed in any of claims 1 to 4. wherein stored weight values are 
modified by an additional factor determined from gross vehicle weight or rear axle weight and this value is 
adapted if skidding does not occur substantially simultaneously at both axles. 



0 246 790 




0 246 790 




0 246 790 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




